SUMMARY The effect of high intensity physical training (HIPT), conducted in an unsupervised (group A) or supervised (group B) setting, was studied in 23 middle-aged men with Type IV hyperlipoproteinemia (HLP). Following 10 weeks of HIPT intervention, significant metabolic changes were observed such as reductions in both fasting triglyceride and insulin levels, but no changes in fasting serum cholesterol or glucagon levels were found. Other favorable results noted included a significant improvement in physical fitness, as HYPERTRIGLYCERIDEMIA IS OFTEN ASSOCI-ATED with hyperprebetalipoproteinemia (Type IV HLP) and Type IV HLP has in turn been suggested as one of the metabolic disorders associated with coronary heart disease.', 2 We demonstrated in an earlier paper3 that mild intensity exercise training reduces serum triglyceride levels in Type IV HLP patients. Oscai et al.4 have reported that an acute bout of strenuous exercise is also effective in normalizing hypertriglyceridemia. However, the effect of a high intensity physical training (HIPT) program on reducing serum triglyceride levels in men with Type IV HLP has not been well studied. Therefore, the purpose of this investigation was to study the effectiveness of a HIPT program in normalizing hypertriglyceridemia in men with this lipid metabolic disorder, and to note whether adherence to physical training is best maintained under unsupervised or supervised conditions. In addition, we investigated the effects of this HIPT on serum cholesterol, insulin, and glucagon levels, on the presence or absence of pre d lipoprotein bands on paper electrophoresis, and on body composition. Once a subject had been identified, three 12-hour postabsorptive blood samples were drawn on consecutive mornings to establish (time point I) serum lipid levels and to insure that at least two of the three initial values met the above criteria. In addition, blood was obtained for measurement of plasma insulin and glucagon. Weight was measured at each visit, and body compositional measurements were made during one of the initial three visits. Following blood sampling on the third visit, instructions were given for performing a graded exercise test, and each subject was allowed one to two minutes of practice walking on the motordriven treadmill. Approximately two days following this practice session, each subject performed a graded exercise test on the treadmill at a speed of 3 m.p.h. as described by Montoye.6 Each subject was encouraged to walk to a termination point of voluntary exhaustion. Maximal oxygen uptake (Max VO2) and total caloric expenditure (kcal) were calculated for this treadmill test. During the test a bipolar CM, (V6 and manubrium) electrocardiogram was monitored, and blood pressures were obtained by auscultation to determine whether any excessive pressor response to exercise was present. The data from this initial test were used to prescribe the work intensity of the individual HIPT programs.
HYPERTRIGLYCERIDEMIA IS OFTEN ASSOCI-ATED with hyperprebetalipoproteinemia (Type IV HLP) and Type IV HLP has in turn been suggested as one of the metabolic disorders associated with coronary heart disease.', 2 We demonstrated in an earlier paper3 that mild intensity exercise training reduces serum triglyceride levels in Type IV HLP patients. Oscai et al. 4 have reported that an acute bout of strenuous exercise is also effective in normalizing hypertriglyceridemia. However, the effect of a high intensity physical training (HIPT) program on reducing serum triglyceride levels in men with Type IV HLP has not been well studied. Therefore, the purpose of this investigation was to study the effectiveness of a HIPT program in normalizing hypertriglyceridemia in men with this lipid metabolic disorder, and to note whether adherence to physical training is best maintained under unsupervised or supervised conditions. In addition, we investigated the effects of this HIPT on serum cholesterol, insulin, and glucagon levels, on the presence or absence of pre d lipoprotein bands on paper electrophoresis, and on body composition.
Methods

Subjects
Twenty-three Type IV HLP men were selected from a group of approximately 400 University of Michigan faculty members known to have hyperlipidemia during examinations in the Periodic Health Appraisal Unit, The differences in the results when groups A and B were compared. It was concluded that HIPT is an effective means of lowering fasting triglyceride and insulin levels in Type IV HLP individuals. In addition, such physical training programs can be conducted in either an unsupervised or supervised setting, provided the subjects are highly motivated.
University of Michigan. Type IV HLP was stringently defined as fasting serum TG levels greater than 100 mg/dl plus one's age expressed in mg/dl, together with the presence of a definite prebeta band on lipoprotein electrophoresis,' and the absence of fasting chylomicronemia. Those excluded from the study were persons with insulindependent diabetes, persons receiving drugs which affect lipid metabolism, and persons having cardiac or other medical conditions that would contraindicate physical training. Informed consent was obtained from each subject prior to his entrance into the study.
Baseline Determinations
Once a subject had been identified, three 12-hour postabsorptive blood samples were drawn on consecutive mornings to establish (time point I) serum lipid levels and to insure that at least two of the three initial values met the above criteria. In addition, blood was obtained for measurement of plasma insulin and glucagon. Weight was measured at each visit, and body compositional measurements were made during one of the initial three visits. Following blood sampling on the third visit, instructions were given for performing a graded exercise test, and each subject was allowed one to two minutes of practice walking on the motordriven treadmill. Approximately two days following this practice session, each subject performed a graded exercise test on the treadmill at a speed of 3 m.p.h. as described by Montoye.6 Each subject was encouraged to walk to a termination point of voluntary exhaustion. Maximal oxygen uptake (Max VO2) and total caloric expenditure (kcal) were calculated for this treadmill test. During the test a bipolar CM, (V6 and manubrium) electrocardiogram was monitored, and blood pressures were obtained by auscultation to determine whether any excessive pressor response to exercise was present. The data from this initial test were used to prescribe the work intensity of the individual HIPT programs.
Prior to the initiation of the study each subject was instructed to keep a three day diary of all food and beverages consumed for two weekdays and one weekend day. The pur-pose of the three day food diary was to make the subject aware of the types and quantities of foods normally consumed. Subsequently each subject was interviewed by a dietitian and a dietary history was obtained. From these data, the caloric intake and composition of the diet for each subject were calculated.7 This compositional analysis included: percent of protein, fat, carbohydrate, and alcohol; polyunsaturated/saturated fat ratio; sugars/starch ratio as percent of carbohydrate calories; mg dietary cholesterol; and mg caffeine.
Experimental Groups and Intervention Monitoring
Following these initial determinations, subjects were randomly assigned to one of two experimental groups: unsupervised HIPT (group A) and supervised HIPT (group B). One blood sample was drawn (12 hours fasting, 48 hours after the last exercise bout) at 23 + 2 days (time point II) and at 46 ± 2 days (time point III) into the study. During these visits for blood drawing, body weights were checked to assure that caloric balance was being maintained. At the end of the 69 ± 2 day experimental period (time point IV), biochemical tests, cardiovascular stress testing, and densitometric measurements were performed on each subject according to the protocol previously described for obtaining baseline values.
During the first treadmill test (time point I), a fasting blood sample was drawn prior to and immediately following the progressive exercise stress test on five subjects in group A (subgroup A1). (No such baseline study was performed on any subject in group B.) This baseline sampling was conducted merely as a pilot project to study the acute effects of a vigorous bout of aerobic physical activity on serum lipid (cholesterol and triglycerides) and hormone (insulin and glucagon) levels. Following the HIPT program (time point IV), the acute effects of a vigorous bout of aerobic physical activity (final treadmill test) on serum lipid and hormone levels were again studied in subgroup A1, as done at baseline. A similar acute exercise study of lipid and hormone levels was conducted only at time point IV on an additional six subjects (subgroup A2) in group A and four subjects (subgroup B2) in group B. Subjects were given progressive high intensity physical training programs which consisted of mixed walking, jogging, and running. Subjects in group A trained on their own while subjects in group B participated under the supervision of a graduate student of exercise physiology. Supervised physical training sessions were held at midday and late afternoon, three times per week (M,W,F), on an indoor 1/10 mile track. The unsupervised group was instructed to conduct their training on three nonconsecutive days each week. Two indoor (1/10 and 1/6 mile) and two outdoor (1/4 mile) track facilities were made available to the unsupervised subjects; those who preferred to exercise near home were instructed to measure off two miles by their automobile odometer. The prescribed intensity of physical activity for each subject was based on a target training heart rate (TTHR) calculated from peak heart rate values recorded during the progressive treadmill test. Each subject's TTHR was determined by subtracting the resting heart rate from his peak heart rate, multiplying this difference by 85% and then adding this product to the resting heart rate. Using this method, initial TTHRs should have reached 90-92% of peak HR during the dynamic phase (jogging-running). Both groups were instructed to determine their training heart rates from 10 second pulse counts taken immediately following the completion of each mile. All subjects were instructed that any jogging or running during a session be performed at a uniform pace and that the last segment of each mile (lasting at least two minutes) be completed by jogging or running, such that pulse counts were representative of the intensity of those phases. In that relative intensity and distance completed were fixed and uniform for each subject, the total time for the dynamic period of each workout varied between 15 and 30 minutes. Since the subjects in group A were trained without supervision, they were asked to keep a daily log book in which their training sessions and heart rate responses could be recorded.
Dietary Management
Both groups were requested by the dietitian to maintain their present (pre-experimental) dietary habits and to slightly increase total calories for body weight maintenance, but to do so by proportionally increasing the composition of calories from their present diets. Documentations of pre, midway (five weeks into the study) and final diets for each patient were made by the dietitian.
Statistical Methods
Serum lipid and hormone data obtained from this study were analyzed using a profile analysis technique comparing groups A and B.'7 This statistical method was applicable since the same individuals had measurements repeated at four time points (at baseline, and at time points II, III, and IV). Use of this technique allows for partitioning the data into components, measuring different patterns over time (testing for parallelism of profiles) between the two intervention groups (group by time interaction); differences Table 2 shows that both groups exhibited rapid reductions in serum triglycerides by 23 ± 2 days followed by a sustained reduction at time points III and IV for both groups.
Positive associations were found between the reduction in triglyceride levels and reduction in body fat (r = 0.60) or reduction in percentage body fatness (r = 0.72) for group B. No correlation was found between the reduction in triglyceride levels and reduction in absolute body fat (r = 0.06), or between the reduction in triglyceride levels and reduction in percentage body fatness (r = -0.01) for group A. Furthermore, a weak negative correlation (r = -0.57) was found between the reduction in serum triglyceride levels and the increase in lean body mass for group B whereas no correlation (r = 0.01) was found between these variables for group A. Negative relationships (r =-0.42 for group A and r = -0.56 for group B) were found between maximum oxygen uptake (Max V02) and serum triglyceride levels at time point IV.
The effects of an acute bout of vigorous progressive aerobic exercise on fasting serum lipids at baseline (time point I) for subgroup A, and following 10 weeks of HIPT for subgroups A,, A2 and B2 are presented in table 3. This preliminary study revealed that significant increases in mean cholesterol levels occurred following an acute bout of graded time between the groups; significant reductions in fasting insulin concentrations with time were found for both the groups (P < 0.01). In addition, no significant differences were found in the mean insulin values between the groups with respect to time.
Glucagon levels with respect to time displayed parallelism between groups A and B. No significant differences were found in glucagon levels between groups averaged over time, nor were any differences observed in the within group glucagon response pattern over time for the groups.
Positive associations were found between initial fasting serum insulin levels and triglyceride levels in group B (r = 0.57) and between final fasting serum insulin levels and triglyceride levels (r = 0.60). Weak associations (r = 0.49 and r = 0.49) between these respective variables were found for group A. Positive associations were found between the reduction in insulin levels and reduction in absolute body fat (r = 0.60) or reduction in percentage body fatness (r = 0.66) for group A. Group B displayed much weaker positive correlations between these relationships as follows: reduction in insulin levels and reduction in absolute body fat (r = 0.23) or reduction in percentage body fatness (r = 0.09). Group A displayed a negative correlation (r = -0.61) between reduction in insulin levels and increase in lean body mass while group B displayed a weaker negative correlation (r = -0.21). Table 5 presents the effects of an acute bout of progressive aerobic exercise on plasma insulin and glucagon at time point I (for subgroup A1), and following 10 weeks of HIPT for subgroups A1, A2, and B2). Significant increases in mean insulin levels occurred immediately following an acute bout of graded aerobic exercise to exhaustion for subgroup A1 prior to training, and for subgroups A1 and A2 following the HIPT program. While there were modest increases in plasma glucagon levels immediately following acute exercise in subgroup A, before the HIPT program and in subgroups A, and B2 after HIPT, these differences were not statistically significant.
Effects of HIPT on Prebeta Lipoproteinemia
The frequency of a prebeta band on paper electrophoresis for both groups A and B are reported as the total percent of Following the HIPT program, both groups displayed a significant reduction in resting heart rates (P < 0.01) and a significant reduction in resting blood pressure (P < 0.05) (table 6). Aerobic power significantly increased in both groups A (P < 0.01) and B (P < 0.05) with respective mean increases of 4.7 and 4.6 ml 0,/kg * min-'. When Max VO, was expressed as a function of lean body mass, nonsignificant mean increases of 2.9 and 3.5 ml 0,/kg lean body mass -min-' were calculated for group A and B. In addition, significant increases (P < 0.01) were found for the total calories expended during the second treadmill test as compared to the initial treadmill test for both groups.
Effect of HIPT on Body Weight and Body Composition
In spite of the effort to maintain isocaloric diets (with a prescription of moderate increase over pre-training caloric levels, aiming to keep weight constant), slight but significant (P < 0.01) mean body weight reductions (1.6 kg for group A and 1.3 kg for group B) were observed for both groups following the 10 week HIPT training period (table 7) . Significant (P < 0.05) reductions in adiposity (kg) and moderate increases in lean body mass (kg) were found for both groups following training. Furthermore, if adiposity is expressed as percent body fat, significant reductions (P < 0.05) for both groups were apparent following training.
To determine if body weight changes were responsible for the changes in fasting serum lipid, insulin or glucagon concentrations, a series of one-way analyses of variance with one covariate were performed. In this approach, the depen- The mean values for caloric intake and composition of the diets for the Type IV HLP subjects at baseline, mid-point (five weeks into the study) and at point IV are given in 40% fat, and 40% carbohydrate) showed that group A displayed a more optimal pattern (except for the fact that fully optimal diets for these subjects would have included caloric restrictions to obtain ideal weight) than did group B to the recommended Type IV HLP diet. Polyunsaturated fat was moderately prevalent in the diet of both groups as ascertained by the 0.6 polyunsaturated/saturated fat ratio, a ratio that is usually reported as being 0.3 for the national average. Daily dietary cholesterol consumption was found to be lower than the usually reported average of 600-700 mg/day for the national average.
Discussion
The results of this study demonstrate that participation in high intensity physical training designed to elicit heart rates equal to approximately 90-92% of maximum can modify a number of metabolic and anthropometric parameters in highly motivated middle-aged Type IV subjects in both unsupervised and supervised settings. The most noteworthy metabolic change observed in this study was the moderate reduction in hypertriglyceridemia, a metabolic disorder associated with coronary heart disease.1' 2 Interestingly, the physical training program employed in this study was effective in changing body fatness and lean body mass in opposite directions. The reduction in body fatness and the moderate increase in lean body mass following endurance training observed in this study is consistent with those findings of Oscai and William23 and Boileau et al.,24 respectively.
We recently reported3 that a lower intensity training program designed to elicit heart rates equal to 70% of maximum was also an effective intervention for normalizing hypertriglyceridemia in Type IV patients. However, our current results showed HIPT to be effective in reducing serum triglyceride levels within three weeks, while significant reductions in serum triglyceride levels occurred only after six weeks of moderate intensity physical training. Taken The current data provide evidence that HIPT is effective in reducing fasting serum insulin levels in Type IV HLP subjects. Previous studies have also demonstrated reductions in fasting serum insulin levels following physical training both in normals35 and in obese subjects even in the absence of a decrease in body fat.3' The present study was not designed to investigate the effects of HIPT on the commonly reported association between hyperinsulinemia and hypertriglyceridemia in patients with endogenous hypertriglyceridemia.32 However, the occurrence of an initial and final positive association between fasting serum insulin and triglyceride levels, coupled with the finding that reductions occurred in both serum insulin and triglyceride levels is consistent with the proposed theory concerning the interaction of serum insulin and triglycerides.32 34 The way in which physical training exerts its effect in this relationship between serum insulin and triglyceride levels is obscure, but the possibility exists that the decrease in triglyceride levels with physical training may be secondary to reductions seen in insulin levels. Interestingly, we observed substantially elevated insulin levels immediately following acute vigorous aerobic exercise to exhaustion both prior to and at the end of the HIPT program, a finding which is in contrast to the slight or absent reduction usually observed for serum insulin concentrations following aerobic exercise to exhaustion.35 ' 36 This disparity may possibly be a manifestation of a metabolic disorder, namely cellular insulin insensitivity in the peripheral tissues, commonly observed in Type IV HLP patients.3' Glucagon levels have generally been shown to increase following an acute strenuous bout of exercise37 and following other types of acute stress.38' 39 We also observed a modest, though not statistically significant, rise in plasma glucagon following an acute bout of aerobic exercise in groups A, (baseline), and A2 and B2 (points IV). Fasting glucagon
